The symptoms caused by the cyst depend on its size, rate of growth and position in the pelvis. While small physiologic ovarian cysts are usually asymptomatic, common symptoms of ovarian cysts include abdominal and pelvic pain, dysmenorrhea, dyspareunia and bloating. Ultrasonography remains a valuable tool in differentiating benign from malignant ovarian cysts. Benign ovarian cysts are usually characterized by unilateral, mobile, smooth walled cystic masses with no solid areas or irregularities and absence of ascites. A combination of clinical impression, ultrasound features, age, menopausal status and level of biomarkers like CA-125 are used to discriminate between benign from malignant lesions [5] .
Management of ovarian cystic masses is mandated when the cyst is symptomatic or there is a suspicion of malignancy (size larger than 6cm, elevated tumor markers or presence of solid component). The management depends on the age, tumor size, ultrasonographic features and intraoperative findings. Surgical excision with cystectomy or oophorectomy is usually performed. Laparoscopic technique has been shown to be safe for both ovarian cystectomy and oophorectomy [6, 7] . However laproscopic cystectomy and oophorectomy are often underutilized due to concern for rupture of the cyst with tumor spill and limited workspace. Recent studies have also shown that there is evidence of decreased ovarian reserve following ovarian cystectomy [8, 9] . Hence the optimal management of benign ovarian cysts including benign serous cystadenoma remains a subject of debate. This is especially true if the patient is young and fertility preservation is a concern [10] .
We present 3 cases of serous cystadenoma where laparoscopic
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Background: Ovarian cysts are commonly encountered adnexal masses by gynecologists, with a reported incidence of 5-15% of all reproductive age women. Large ovarian cysts are usually treated by surgical excision with cystectomy or oophorectomy. Laparoscopic ovarian cystectomy in large ovarian cysts has been underutilized. This report discusses the surgical technique of fertility sparing laparoscopic cystectomy for serous cystadenoma and subsequent follow up of these patients.
Cases:
We present a series of three reproductive age women with large ovarian cysts where laparoscopic fertility sparing techniques were used for cystectomy with ovarian preservation. Pre-operative clinical, laboratory and ultrasonographic features did not show any signs of malignancy. Laparoscopic cystectomy was performed carefully with preservation of the ovary in all the cases. The abdominal cavity was inspected during the procedure and there were no signs of malignancy. Histopathological examination showed ovarian serous cystadenoma. No borderline tumors or malignancies were identified. The patients have been closely followed with no evidence of recurrence. Two of the women subsequently conceived using assisted reproductive techniques.
Introduction
Ovarian cysts are commonly encountered adnexal masses by gynecologists, with a reported incidence of 5-15% of all reproductive age women [1, 2] . An estimated 200, 000 women are admitted annually for benign ovarian cysts and this constitutes a third of fertility sparing techniques were used. The article discusses the surgical technique and the follow up for these patients.
Cases Case 1
A 25-year-old nulliparous woman presented with intermittent abdominal pain. Transvaginal ultrasound (TVUS) showed a unilocular, 10cm large left ovarian cyst with sonolucent content with a well-defined wall. All these characteristics were suggestive of a benign lesion. Tumor markers including cancer antigen 125 (CA-125), lactate dehydrogenase (LDH), beta human chorionic gonadotropin (bHCG) and alpha fetoprotein (AFP) were not elevated. Laparoscopic left ovarian cystectomy was performed. Using a monopolar diathermy needle tip an incision was made in the ovarian cortex ( Figure 1 ). An attempt of ovarian cystectomy without opening the cyst wall was not successful. A clear serous fluid was seen coming from the cyst upon opening the cyst wall, so the decision was made to extend the incision to evacuate the fluid. The fluid was sent for cytology and cell block and was found to be negative for malignancy. A plane of cleavage was obtained separating the cyst from the ovarian tissue. Countertraction was maintained using 2 atraumatic forceps while traction was obtained using a toothed forceps ( Figure 2 ). The atraumatic forceps were repositioned every now and then, and the cyst wall was gently stripped from the underlying normal ovarian cortex (Figure 3 ). The ovarian incision was reapproximated with vertical mattress sutures using 4-0 Vicryl stitch with intracorporeal knots (Figure 4 ). The patient was followed up for 2 years with no evidence of recurrence. In this case, given the patient's young age, preservation of her ovarian function was maintained should she decide to have children in future.
Case 2
A 43-year-old nulliparous woman presented with primary infertility. The TVUS showed 6cm left ovarian cyst, endometrial polyp and possible adenomyosis. The cyst was uni-locular with sonolucent content and a well-defined wall; which were suggestive of a benign lesion. Tumor markers including CA-125, LDH, bHCG and AFP were not elevated. Patient underwent successful laparoscopic left ovarian cystectomy, right fimbrioplasty with tubal perfusion, hysteroscopic polypectomy and division of short septum. Cystectomy was performed using the same technique described in Case 1. The patient was able to conceive successfully after 15 months from the surgery, with the help of Assisted Reproductive Technology (ART) and delivered a healthy baby via Cesarean Section. This patient was followed up for 4 years and did not show any signs of recurrence.
Case 3
A 32-year-old nulliparous female presented with primary infertility. TVUS showed a 5cm right ovarian cyst, and small uterine fibroid versus adenomyosis. The ultrasonographic characteristics included: uni-locular cyst with sonolucent content and well defined edges; which were suggestive of a benign lesion. Tumor markers including CA-125, LDH, BHCG and AFP were not elevated. The patient underwent successful laparoscopic right ovarian cystectomy and left paratubal cystectomy, bilateral fimbrioplasty with tubal perfusion, hysteroscopy with dilatation and curettage. Cystectomy was performed using the same technique described in Case 1. On follow-up the patient was able to conceive successfully twice with the help of ART. The first pregnancy was conceived 2 months after surgery. She delivered a healthy baby via Cesarean Section in both pregnancies.
In all the three cases, the histopathological evaluation showed serous cystadenoma. None of them were a borderline tumor. The patients have been closely followed with TVUS with no evidence of recurrence.
Discussion
In this paper, we present 3 patients with large benign ovarian serous cystadenoma in which laparoscopic cystectomy with preservation of the ovary were performed. We demonstrate that laparoscopic fertility sparing procedures could be performed successfully with large ovarian cysts such as serous cystadenomas, providing ultrasound features suggest a benign nature. This is important in cases where ovarian preservation is required like in children, adolescents and young women.
Careful pre-operative evaluation of the mass is essential. Family history in combination with the sonomorphological features of an adnexal lesion is critical in management of ovarian masses. On TVUS assessment, simple ovarian cysts have a much lower risk of malignancy (0-0.8%) compared to cysts with solid parts (17-46%). [6, 11] . Multilocular or multiple cysts, thick or irregular septa or walls, solid components, irregularities inside the cyst, mural nodules and echogenic elements should raise the suspicion of malignancy. Peripheral vascularization is more common in benign masses, whereas malignant tumors have more centrally located vessels. Multiparametric scoring systems combining morphologic and Doppler information have also been developed [12] . The risk of malignancy index that incorporates CA 125, ultrasound and menopausal status is the most widely used [5] . However no single test or scoring system exists so far that precisely differentiates between benign and malignant ovarian tumors in premenopausal women. [6] .
Tumor markers, most importantly CA125, have also been used to discriminate benign ovarian cysts from malignant tumors. CA125 is a glycoprotein antigen, normally expressed in tissues derived from coelomic epithelia (ovary, fallopian tube, peritoneum, pleura, pericardium, colon, kidney, stomach). It is a well established tumor marker for advanced epithelial ovarian cancer, however an elevated level is more significant in predicting epithelial ovarian malignancy in a postmenopausal woman than in a premenopausal woman where other causes like pregnancy, endometriosis, fibroids and pelvic inflammatory disease could cause an increase [13] .
If clinical, laboratory or radiological evaluation meets any of the criteria from the guidelines presented by American College of Obstetrics and Gynecologists [7] , the patient should be referred to gynecologic oncologist. These include elevated CA125 (>200U/ml for premenopausal women and >35U/ml for postmenopausal women), 
If the clinical impression and pre-operative evaluation indicates that the ovarian cyst is likely to be benign, the treatment will depend on the age of the patient, size of the lesion, patient's desire to preserve fertility, presenting symptoms and operative findings. When malignancy is not suspected prior to surgery or during the procedure, laparoscopic management of ovarian cysts has shown multiple advantages over laparotomy [14] . Laparoscopic surgery offers significant advantages such as reduced hospital stay, less adverse effects, better quality of life, and superior visualization [15] . The concerns with performing a laparoscopic surgery for ovarian masses is risk of rupture and spillage of the contents of the cyst due to limited workspace and need for a secondary surgery if ovarian malignancy is diagnosed. In a study in which 1128 adnexal masses were resected and 13 patients (1.5%) were found to have unexpected ovarian malignancies, the presence of an early-stage unexpected ovarian malignancy did not alter patient prognosis [16] . Due to cyst rupture during surgery, nine (69.2%) of these patients were upgraded to tumor stage IC [16] .
In young patients where fertility is a concern, careful weighing of the risks and benefits of surgical management of ovarian cysts is warranted. Evidence suggests that removal of the ovarian cyst reduces ovarian reserve and adversely affects fertility [10] . Studies have shown decrease in anti-mullerian hormone after surgical excision of both endometriotic and non-endometriotic ovarian cysts [8, 9, 11] . Conservative management for small ovarian cysts that are asymptomatic is reasonable. The surgical technique has been shown to play an important role in preserving ovarian function during surgical management of ovarian masses.
The surgical technique that we described in our patients used microsurgical principles and minimal trauma to the ovarian cortex with every effort to minimize bleeding from the ovarian cortex. The latter is extremely important to avoid using methods to control bleeding such as monopolar cautery, bipolar cautery, defocused CO 2 laser or argon beam coagulation because it can cause damage to ovarian cortex and compromise ovarian reserve.
The follow up of our patients up to 2-4 years did not show any evidence of recurrence. Two of them were able to achieve pregnancy while one of them was not trying to conceive to date.
Alternative surgical techniques other than excision have been described for endometriomas only, such techniques include cyst aspiration and sclerotherapy or vaporization of the cyst wall [10] . Some studies revealed lower recurrence rates for sclerotherapy when compared to aspiration [17] . When comparing excision with laser vaporization, studies have shown similar pregnancy rates with less recurrence after excision [18] . When plasma vaporization was used, another study revealed less incidence of decreased of ovarian reserve [19] . However there is not enough data to recommend one surgical technique versus another. None of these alternative techniques are recommended when serous cystadenoma is suspected because complete excision is mandatory to minimize recurrence and to ensure accurate pathological assessment to rule out malignancy.
In conclusion, laparoscopic fertility sparing ovarian cystectomy is safe and effective technique in patients presenting with large benign ovarian serous cystadenomas. Careful pre-operative evaluation of ovarian masses is imperative for fertility sparing approach to management. In order to preserve maximum ovarian function the surgeon should utilize microsurgical techniques, carefully preserving as much of the ovarian parenchyma while stripping the cyst wall achieving hemostasis with minimal use of coagulation.
